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ABSTRACT 


A  similarity  method  is  used  to  develop  a  solution  of  the  wave 
equation  within  a  sector  with  mised  boxmdary  conditions.  In  this 
manner  the  field  which  results  from  the  diffraction  of  an  Incident 
pulse  of  step  function  time  dependence  is  found. 
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FOLSE  DIFFRACTION  BY  AN  IMPERFECTLY  REFLECTING  WEDGES 


Introduction: 

There  have  been  two  methods  described  recently  by  which  the  two  dimen- 
sional  problem  of  the  diffraction  of  steady  sinusoidal  acoustic  waves  by  an 
inqjerfectly  reflecting  infinite  wedge  may  be  examined#  These  methods,  which 
were  derived  in  the  solution  of  problems  involving  waves  in  a  shallow  fluid, 
are  those  of  Stoker  (19U7)  and  Peters  (1952)* 

For  the  wave  diffraction  problem  the  precise  nature  of  the  disturbance 
within  the  inperfectly  reflecting  wedge  has  been  ignored,  and  its  effect  re¬ 
placed  by  the  imposition  of  an  impedance  type  of  boundary  condition  at  the 
surface,  Stoker's  method  has  been  aj^lied  by  Karp  and  others  (1958,  1959  a>  b), 
and  Peter's  method  by  Senior  (1959)  to  the  idealized  problem  which  may  be  sum¬ 
marized  as  follows.  A  quantity  (p  (r,e)  is  to  be  calculated  which  satisfies, 
in  the  region  0^<0<0^  ,  the  reduced  wave  equation 

(v^  +  fc^)  q>  (r,e)  “  0  , 

under  boundary  conditions 

■  ik  Ti  <p  for  0  “  0  * 

'O  O' 

60 

=,  ik  T)^(p  for  0=0^  , 

for  various  incident  fields,  The  quantities  t]  ^dxich  represent  the  reciprocal 
of  the  con5)lex  refractive  index  at  the  surface  of  the  wedge  are  taken  to  be  con¬ 
stant  on  the  surface.  The  problem  as  stated  is  a  little  more  general  than  that 
solved  either  by  Senior,  who  specified  that  Dq  “  'H']  >  or  ^7  Karp  who  restricted 

his  calculation  to  right-angled  wedges. 
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3. 


The  present  paper,  which  follows  a  number  of  others  which  utilize  the 
same  method,  is  intended  to  show  that  formal  closed  solutions  which  demonstrate 
the  most  important  features  of  the  diffracted  field  may  be  found  more  slii5>ly  if 
the  usual  assun^tion  of  steady  harmonic  time  dependence  is  not  madeo  Eather  we 
can  consider  an  incident  plane  wave  of  step  function  time  dependence  and  we  can 
use  the  method  of  (ismamic  similarity  to  derive  the  solution  for  an  incident 
pulse#  This  solution  may  then  be  converted,  if  necessary,  to  the  steady  sol¬ 
ution# 

The  method  of  dynamic  similarity  is  very  closely  r  elated  to  the  method 
of  conical  flows  which  has  been  described  in  detail  by  Goldstein  and  Ward  (19^0), 
Its  application  to  certain  transient  two  dimensional  problems  of  supersonic  flow 
was  made  1:^  Graggs  (19^6,  1957).  It  has  also  been  applied  to  a  series  of  prob¬ 
lems  of  wave  diffraction  and  refraction  by  the  author  (19^9  b,  c)#  Pulse  dif¬ 
fraction  by  a  perfectly  conducting  wedge  was  also  examined  by  a  similarity  method 
by  Keller  and  Blank  (1951). 

The  essence  of  the  method  of  dynamic  similarity  is  to  consider  in  a  two 

dimensional  problem  a  function  cp  (r,0,t)  which  satisfies  the  wave  equation, 

2 

(V^  -  -4  ■^)  <P  (r,e,t)  -  0  ,  (1) 

^  at 

and  for  which  it  is  possible  to  assume  that  after  a  particular  instant  t=o, 
the  solution  is  of  the  specific  form  q?  (r/t,  9)#  Following  this  assun^jtion 
it  is  easily  shown  that  for  r  >ct,  under  the  transformation  r=ct  sec  u,  (p 
satisfies  the  hyperbolic  equation 

.  (2) 

for  which  the  general  solution  is 

<P  =  f(u-e)  +  g(u+9)  ,  (3) 
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where  f  and  g  are  arbitrary  functions  which  are  constant  on  the  characteristic 
lines  u+0  •»  const  and  u+0  const  respectively. 

If  r<:ct,  tinder  the  transformation  r=ct  sech  (-v),  <p  satisfies  the 
elliptic  equation 

^  ^  -  0  ,  (1.) 

av  ae 

in  a  strip  0^<  9  <  0^ ,  v<0  ,  in  the  (v,e)  plane. 

The  method  is  therefore  seen  to  be  one  of  reducing  the  diffraction 
problem  to  a  problem  in  harmonic  function.  This  was  also  the  aim  of  Peter’s 
method  which  was  applied  to  the  steady  state  problem.  And  this  harmonic  func¬ 
tion  problem  has  received  further  attention  in  an  interesting  series  of  papers 
by  VariDantzig  (1958)  and  Eauwerier  (1959)* 
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Section  2 


THE  SOLUTION  IN  THE  HIPERBOLIC  REGION  r>ct 


The  problem  is  first  set  up  as  a  problem  in  acoustics.  In  the  linearized 
theory  we  may  set  up  a  velocity  potential  <p  such  that  the  velocity  v  (■  -  <p) 
and  the  infinitesimal  pressure  change  p  («pd(p/dt}  satisfy  the  racmientum  equation 
to  the  first  order,  where  p  is  the  density  of  the  medim  at  rest.  Then  if  c 
is  the  velocity  of  sound  in  the  mediTun  at  rest,  <p  satisfies  the  wave  equation  1  • 
We  consider  the  walls  of  the  wedge  to  be  soft  in  the  sense  that  ■Uie  pressure 
is  proportional  to  the  normal  velocity.  If  we  take  the  boundaries  to  be  the  planes 
0=0  ,  and  0=  >|/ ,  the  appropriate  conditions  have  the  form 


and 


^  (r,0,t) 


o  ^ 
r  80 


for  0-0  , 


r  30 


for  0=^  , 


(^) 


>diere  a  and  jp  are  constants  which  give  a  measure  of  the  softness  of  the 
boundaries.  For  the  purpose  of  generality  we  do  not  take  a  and  p  to  be  equal. 

We  now  consider  the  case  of  a  plane  p\d.se  of  potential  <p  -Kftiich  is  trav¬ 
elling  towards  the  vertex  of  the  wedge  within  a  region  of  angle  ^  .  We  take 

the  pvQ.se  to  have  a  step  function  profile  so  that  it  corresponds  to  a  plane 
pressvire  inpulse.  Depending  on  the  angle  of  incidence  y  of  the  pulse  and  the 
an^e  \|r  of  the  wedge  there  will  be  a  number  of  reflected  pulses  which  accompany 
the  incident  pulse.  The  deteimiination  of  the  complete  incident  field  which  sat¬ 
isfies  the  correct  boundary  conditions  is  not  a  difficult  matter  since  the  sit¬ 
uation  is  a  steacfy  one  with  no  diffraction  effects  present. 

For  sinplicity,  however,  we  will  examine  only  the  case  as  depicted  in 
Fig.  1  \diere  the  incident  pulse  does  not  meet  the  walls  of  the  wedge  until  after 
it  arrives  at  the  vertex  at  time  t=o  •  We  can  now  assert  that  the  subsequent 
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disturbance  has  a  potential  which  depends  only  on  the  variables  r/t  and  0 
and  for  this  disturbance  we  can  use  the  transformation  described  in  the  intro¬ 
duction,  The  hyperbolic  region  r>ct  is  one  in  which  the  solution  takes  the 
form  given  in  equation  3»  and  since  the  initial  field  at  t®o  determines  the 
field  as  r/t  oo  we  are  able  to  determine  the  field  in  the  whole  region  r>ct 
The  field  stracture  is  shown  in  figure  2.  The  arc  r=ct  is  a  characteristic 
line  which  separates  the  hyperbolic  region  from  the  elliptic  region,  and  the 
lines  AB,  BC  DE  and  EF  are  the  characteristic  lines  which  separate  distinct 
regions  of  constant  potential.  To  the  right  of  the  lines  BC  and  EF  the 
potential  is  zero,  and  to  the  left  it  is  one,  except  within  the  regions  ABC 

where  it  is  1+R  and  within  DEH  vhere  it  is  1+Rj,  •  These  constants  R^ 
o  Y  o 

and  R^  are  the  reflexion  coefficients  to  be  expected  when  a  pulse  of  unit  am¬ 
plitude  is  reflected  under  the  boundary  condition  5  on  an  infinite  plane  surface 
In  particular  near  the  surface  0*0  we  have  the  result 

(p  «  U(0+Y-u)  +  R^  U(y-0-u) 

where  U(z)  is  the  unit  step  function,  and  from  $  the  boundary  condition  to  be 
satisfied  is  that 


as.  0 

sin  u  du  38 


It  follows  that  R  «  ^  r- 
0  a  slny  +  c 


(6) 


Similarly  near  the  surface  0  *  f 

<p  *•  U(-Y+2n-u-0)  +  R^  U(e+2n-u-2^-Y)  i 
since  the  boundary  conditions  on  9  *  is 


n  «  r  Q0  J 


sin  u  du 
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it  follows  that 


(7) 


n  ^  B  Sin  (2Ti~\|r-Y)  -  c 
p  sin  (2ii-i|r-Y)  +  c 

We  may  note  in  passing  that  when  the  angle  of  incidence  at  the  siirface 
0«»O^  is  sin“^  c/a,  the  reflexion  coefficient  vanishes,  and  if  this  the 
angle  of  incidence  at  the  other  surface  is  sin“^  c^,  vanishes  j  this  is 

a  situation  when  an  incident  pulse  is  completely  absorbed  at  one  surface  or  the 
other. 

The  principal  result,  however,  is  that  just  outside  the  circle  r®ct  the 
potential  is  piecewise  constant,  and  therefore  in  particular  that  the  tangential 
derivative  3(p/^0  vanishes  on  this  circle  except  at  the  singular  points  0"Yaiid 
0=2>|r  +  Y  -  2n  . 
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Section  3 


THE  SOLUTION  IN  THE  ELLIPTIC  REGIONS  r<ct 


The  calculations  so  far  have  been  of  a  rather  trivial  nature  which  have 
served  to  separate  the  main  reflection  effects  of  the  surfaces  of  the  wedge 
from  the  diffraction  effects  of  the  vertex. 

Within  the  sonic  circle,  we  have  seen  that  the  potential  is  an  harmonic 
function  in  v  and  0  «  Because  this  circle,  being  the  envelope  of  the  char¬ 
acteristics  in  the  hyperbolic  region,  is  also  a  characteristic,  the  only  link 
which  can  subsist  between  the  elliptic  and  the  hyperbolic  region  is  that  the 
tangential  derivative  of  <p  must  be  continuous.  If  by  introducing  a  conjugate 
harmonic  we  are  led  to  consider  a  complex  potential  ¥  with  Rl(W)  =  (p  j  then 
conditions  to  be  satisfied  by  W  which  are  relevant  to  the  solution  may  be 
derived  as  follows; 

The  situation  as  already  depicted  leads  us  to  expect  singularities  on 
the  sonic  circle  at  the  points,  G  and  H  ,  and  in  addition  we  can  expect 
singularities  only  at  the  vertex  of  the  wedge  and  possibly  at  the  points  A 
and  B  .  Within  the  strip  O<0<\|r  ,  v<o  of  the  complex  (v+i0)-plane,  W  and 
its  complex  derivatives  must  be  regular  functions,  since  all  the  possible 
singularities  are  on  the  boundary*  The  Cauchy  Riemann  conditions  enable  us 
to  make  the  identity 

dv  dv  ”  90  * 

and  it  follows  that  on  the  boundary  with  v=0,  O<0<\|/  ,  dW/dv  is  real,  with 
simple  poles  at  0=y,  0=2n  +  t  where  cp  has  a  step  discontinuity* 

The  boundary  conditions  on  the  absorbing  wedge  likewise  take  the  form 


sinh  V  dv 


+  a  If  on  0=0 
-  P  If  on  0=^ 


(8) 
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Hence  on 


or 


while  on 


or 


HI  ^  [-TT - ia]  =  0  , 

dv  sinh  v  ^  > 


arg  —  *  -arc  tan  c/a  sinh 


dv 


R1  ~  [  — 4-r--  +  iB]  =  0  , 

dv  *■  sinh  V  > 


dW  / 

arg  ^  «  +arc  tan  c/p  sinh  v. 


dv 


(9) 


(10) 


It  is  convenient  in  writing  down  the  solution  to  map  the  strip  in  the  coii5>lex 
(v+i6)-plane  into  the  upper  half  ^i-p)plane  by  the  transformation 
^asech  -ii(v+i6)/>^  or  (v+i0)ji/i|r  *  in  [l-^)^^^l/^].  The  conditions  to  be 
satisfied  on  the  5-axis  by  the  derivative  dW/d}^  is  that 

1,  dW/d^  is  imaginary  on  the  segments  5<-1,  5>1  except  at  simple 
poles  at  the  points  5  ■  sec  aTt/\|r  and  sec(a-2n)n/i(r  •  These  conditions  follow 
from  the  vanishing  of  3<p/30  on  the  sonic  circle, 

2,  On  the  segment  o<^<1  ,  which  corresponds  to  the  boundary  6*0 
r  <ct,  it  follows  from  equation  9  that 

arg  ^  -  -arc  tan  ^  [1-(1-^)^/^]’»^/"  +  [l+d-^)^^]'*'/"  -  -L(^,a)  . 

3*  On  the  segment  -1<5<0  which  corresponds  to  the  boundary  6=\jr,  r<ct 
it  follows  from  equation  10  that 

arg  ^  -  +  L(^,p) 

The  point  at  infinity  in  the  ^ -plane  which  corresponds  to  the 
point  6=  +/2  on  the  sonic  circle  can  only  be  an  ordinary  point  both  for  W 


AF  U^6l/8 


8 


and  dW/d^  •  This  restricts  the  solution  to  the  class  of  those  for  which  as 
1^1  00,  dW/d^  =  )  with  6  a  positive  constant* 

The  singularity  at  the  origin  is  one  idiich  cannot  be  regarded  «s  a 
source  of  energy.  It  follows  that  as  ^  0,  dW/d^  is  with  e  positive 

It  is  the  conditions  2  and  3  to  which  we  must  turn  first.  We  may  examine 
the  subsidiary  potential  problem  of  finding  an  expression  for  dW/d^  which  has 
the  required  argument  on  the  two  segments  -1<?<0  and  0<^<l  and  which  is  real 
on  the  remainder  of  the  real  ^-axis.  If  we  write  In  dW/d^  in  the  form  of  a 
Cauchy  integral. 


In 


dW  .  -  /dW  .  .  ^  .  1 

d^  ^  d^  *  ^  - 


I  £kl 


dz 


-I 


then  it  is  easily  seen  that  when  ^  approaches  the  real  axis  on  the  segment 
from  above  with  f(z)  a  real  function,  the  imaginary  part  of  the  integral  is 
f(g),  and  if  g  approaches  real  values  outside  the  segment  -1<?<1  the  imaginary 
part  is  zero.  Accordingly  we  can  identify  the  function  f(z)  with  the  argument 


defined  in  conditions  2  and  3,  so  that  we  may  write 
dW 

H  M  I  w  I  la'vn  I  M  M  1  ■ _ 

t-^ 


A(^)  exp^ -  i  J  dt  +  i  j  dt  -  A(g)  exp  T(^)  (U) 


L 


where  we  may  choose  A(;^)  in  order  to  satisfy  the  remaining  conditions.  The 
exponential  factors  are  bounded  both  at  ^  =  0  and  as  |^|  oo.  The  presence 
of  these  factors  enables  us  to  take  A(^)  to  be  real  on  the  segment  -1<C<1  . 
We  may  combine  the  remaining  conditions  under  the  assertion  that  if 


A(^) 


B(^) 


L  ^  M 

^-secyn/t  ^-sec(Y-2n) n/f 


L  and  M  being  constants,  then  B(^)  is  a  function  which  is  real  and  bounded 
on  the  whole  of  the  real  axis  with  no  singularities  on  the  axis,  as  well  as  being 
regular  in  the  upper  half  ^ -plane  .  Accordingly  by  an  extension  oJf  Liouville's 

AF  U561/8 


9 


theorem,  B(^)  must  be  a  constant  which,  since  we  already  have  available  the 
,  eonstaht  which,  since  we  already  have  available  the  constants  L  and  M  , 
may  now  be  fo\uid  since  the  residue  of  dW/d^  at  the  poles  ^  ■  secnY/>|^  and 
sec(2n-Y)n/jr  must  be  proportional  to  the  discont^uity  in  potential.  It  fol- 
lows  that  L  and  M  are  defined  by  the  identities 

»  nL  cotyn/t  eap  T[sec(Yn/^r)]  , 

and 

R^  «  -idl  cot(y-2n)n/t  T|tsec(Y-2n)ii/^]  • 

Thus  the  coii5>lete  solution  for  the  conplex  derivative  is  that 

dW  exD  TC^)  SgtanYu/texp-TCsecYn/t)  B^tan(Y-2n)n/yexp-T(sec(Y-2n)n/\|f) 

"  d^  "  ^^_^|l/2  Y“SecYn/i|/  ^-secCY-2n)n/^ 

with  R^  and  R^  defined  in  Equations  6  and  ?• 

This  result  is  stifficient  to  determine  the  pressure  and  the  velocity  components 
everywhere  within  the  sonic  circle  since  we  have  the  identities 

p  =  -ps  ocp/ds,  rV^  “  -  sd(p/3s  and  rV  •»  -8(p/80  , 

where  s=r/t  and  ,  Vg  are  the  velocity  conponents.  The  derivatives  d(p/9s 
and  3<p/d9  are  given  by  the  equations 


d(P  _ 

as  ~ 


n 


>ks(l-  %) 


^2  1/2  ^ 


and 


^  being  given  explicitly  by  the  relation  n 

r  ^ 

2(|e) 
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Section  h,  THE  RESULTS  FOR  INCIDENT  PUNE  WAVES  OF  STEADY  SINUSOIDAL  TIME 

DEPENDENCE 

The  results  given  in  the  previous  sections  are  associated  with  plane  waves, 
of  potential  which  have  a  step  function  profile.  What  is  more  to  the  point,  since 
we  have  more  explicit  information  about  the  pressure,  the  incident  field  is  a 
plane  iii5)ulse  of  pressure  of  delta  function  profile.  Since  the  diffraction  prob¬ 
lem  is  a  linear  one  the  svtperposition  principle  may  be  used  to  set  up  an  incident 
plane  wave  of  arbitrary  form,  but  since  there  is  considerable  interest  in  the  case 
of  steady  sinusoidal  waves  we  shall  only  consider  this  case.  The  means  of  deriving 
the  scattered  field  which  corresponds  to  the  incident  field 

p  »  pc6[ct-rcos(e+^) 

k 

is  the  Laplace  transform.  Given  the  corresponding  scattered  field  p>  as 

CO  ,  sc 

derived  from  equation  12,  and  its  Laplace  transform  j  p»  exp-c^t  ,dt  it  follows 

t/o  sc 

that  the  scattered  field  which  corresponds  to  an  incident  field  of  form 
expiwj[tc-rcos(0+y)]j/c  is 

pc  J^fsc  ^  f 

and  this  may  be  transformed  on  putting  s=r/t  in  the  integrand  into  the  formulae 

"  J  ^  exp(-iwr/s)  ds 

And  since  this  integral  is  essentially  an  integral  over  the  range  of  t**^,  keeping 
r  and  Q  fixed,  the  integral  will  still  be  correct  if  we  regard  the  constants  n 
and  p  to  be  complex  with  a  non-negative  real  part,  this  being  a  case  of  interest 
in  electromagnetic  theory.  Indeed  we  may  also  take  the  quantity  c  to  be  a  com¬ 
plex  constant  without  altering  the  fact  that  we  have  a  solution  of  the  reduced  wave 
equation.  Thus  we  have  a  formal  solution  ^diich  holds  for  a  medium  with  finite 
conductivity  in  the  presence  of  a  coirplex  itipedance  boundary  conditions. 
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Section  ^ 


ELECTRCmONETIC  THEORY 


Although  the  solution  has  been  given  for  a  problem  in  acoustics,  it  is 
exceedingly  simple  to  make  the  change  to  electromagnetic  theory.  For  the  two 
dimensional  problem  of  diffraction  by  a  wedge  we  have  the  usual  separation  into 
E  and  H  polarizations  with  independent  fields  linearly  dependent  on  the  electric 
and  magnetic  field  con^jonents  parallel  to  the  edge  of  the  wedge. 

Thus  if  we  t^e  a  vector  potential  with  on  the  z-component  non-zero  and 
equal  to  ?  we  can  construct  either  the  electrical  polarization  with 

k  •  E  »  E^  «  8<p^t,  B  »  -^x  k  <p  , 


or  the  magnetic  polarization  with 


k  •  B  ■  *«  d(p/t,  E  ■  V  X  k%  (p  , 

The  corresponding  boundary  conditions  in  the  two  cases  depend  on  the  surface 
resistance  R  and  the  magnetic  permeability  jl  of  the  region  0  <e<^  j  they 
have  the  form 


and 


B 


B 


B 


'  A 

'  “^A 

- 


on  0=0 


on  0=0 


For  the  electric  polarization  then  we  have  the  conditions  that 

^“Rg/n  and  for  the  magnetic  polarization  the  conditions  are  that  a=p,c^/iJ^, 

P^ixc'^/Rgj  the  results  follow  directly  from  the  solution  of  the  acoustic  problem. 
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Director^  USAF  Project  RAND 
vias  AF  Liaison  Office 
The  Rand  Goiporation 
1700  Main  Street 
Santa  Monica,  California 

The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
ATTNs  Tectoical  Library 

Rantec  Corporation 

23999  Ventura  Boulevard 

Calabasas,  California 

ATTNs  Grace  Keener,  Office  Manager 

Raytheon  Ccnpany 
Missile  Systems  Division 
Bedford,  Massachusetts 
ATTN:  MTo  Irving  Goldstein 

Raytheon  Conpany 

Wayland  Laboratory 

Wayland,  Massachusetts 

ATTN;  Miss  Alice  G.  Anderson,  Librarian 

Raytheon  Company 
Missile  Systems  Division 
Hartwell  Road 
Bedford,  Massachusetts 
ATTN;  George  D,  Mo  Peeler 

Republic  Aviation  Corporation 
Farmingdale,  Long  Island,  New  York 
ATTNs  Engineering  Library 

Sanders  Associates,  Inco 
9$  Canal  Street 
Nashua,  New  Haitpshire 
ATTN;  Mro  Normal  R.  Wild 

Sandia  Corporation,  Sandia  Base 
P.  Go  Box  5800 
Albuquerque,  New  Mexico 
ATTN;  Classicied  Document  Division 


No,  of  Copies 
1 


1 


1 


1 


1 


1 


1 


1 


1 
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Sandia  Corporation 

ATTN;  Organization  lU23 

Sandia  Base,  Albuquerque,  New  Mexico 


1 
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Code 
I  682 

I  312 

I  297 

I  367 

I  lOU 

I  299 

I  2h0 

I  338 

I  708 


Organization 

Scanwell  Laboratories^  Inc. 

6601  Scanwell  Lane 
Springfield^  Virginia 

Space  Technology  Laboratories,  Inc, 
P.  0.  Box  9^001 
Los  Angeles  California 
ATTN;  Mrs.  Margaret  C.  lifliitnah 

Chief,  Information  Services 

Sperry  Gyroscope  Con^iany 
Great  Neck,  Long  Island j  New  York 
ATTN;  Florence  W.  Turnbull 
Engineering  Librarian 

Stanford  Eesearch  Institute 
Documents  Center  / 

Menlo  Park,  California 
ATTN:  Acquisitions 

Sylvania  Electric  Products,  Lac, 

Box  l88 

Mountain  View,  California 
ATTN;  Marvin  D.  Waldman 

Systems  Laboratories  Corporation 
lli852  Ventura  Boulevard 
Sheimian  Oaks,  California 
ATTN;  Donald  L.  Margerum 

TRG,  Inc. 

2  Aerial  Way 

Syosset,  New  York 

ATTN;  Mo  L,  Henderson,  Librarian 

Ao  So  Thomas,  InCo 
3^5  Providence  Highway 
Westwood,  Massachusetts 
ATTN;  Ao  So  Thomas,  President 

Texas  Instruments ,  Inc, 

6000  Lemmon  Avenue 
Dallas  9,  Texas 
ATTN;  John  B.  Travis 

Systems  Planning  Branch 


No.  of  Copies 
1 


2 


1 


1 


1 


1 


1 


1 
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Code 
I  139 

U  6l 

U  157 


U  99 

U  3 


U  100 


U  289 


U  182 


Organization  No»  of  Copies 

Westinghouse  Electric  Corp*  1 

Electronics  Division 

Friendship.  International  Airport  Box  1897 
Baltimore  3s  Maryland 
ATTN;  Engineering  Library 

Brown  University  1 

Department  of  Electrical  Engineering 
Providence,  Rhode  Island 
ATTN:  Dr,  C,  M,  Angulo 

California  Institute  of  Technology  1 

Jet  Propulsion  Laboratory 

lj.800  Oak  Grove  Drive 

Pasadena,  California 

ATTN:  Mr,  I,  E„  Newlan 

California  Institute  of  Technology  1 

1201  Eo  California  Street 
Pasadena,  California 
ATTN:  Dr.  C,  Papas 

Space  Sciences  Laboratory  1 

Leuschner  Observatory 
University  of  California 
Berkeley  Uj  California 

ATTN:  Dr,  Samuel  Silver,  Professor  of  Engineering 

Sciences  and  Director,  Space  Sciences  Laboratory 

University  of  California  1 

Electronics  Research  Lab, 

332  Cory  Hall 
Berkeley  U,  California 
ATTN:  J,  R,  Whinnery 

University  of  Southern  California  1 

University  Park 

Los  Angeles,  California 

ATTN:  Dr.  Raymond  L,  Chuan 

Director,  Engineering  Center 

Case  Institute  of  Technologjr  1 

10900  Euclid  Avenue 

Cleveland,  Ohio 

ATTN:  Professor  S,  Seeley 
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Code 
U  183 

U  238 

U  10 

U  86 

TJ  $9 

U  102 

U  103 

TJ  lOU 


Organization  Hoe  of  Copies 

Colubmia  University  1 

Department  of  Electrical  Engineering 
Momingside  Heights,  New  York,  New  York 
ATTNs  Dr,  Schlesinger 

University  of  Southern  California  1 

University  Park 

Los  Angeles  7j  California 

ATTN;  Z.  A.  Kaprielian 

Associate  Professor  of  Electrical  Engineering 

Cornell  University  1 

School  of  Electrical  Engineering 

Ithaca,  New  York 

ATTN;  Professor  G,  C,  Dalman 

University  of  Florida  1 

Department  of  Electrical  Engineering 

Gainesville,  Florida 

ATTN;  Professor  M,  H.  Latour,  Library 

Library  1 

Georgia  Technology  Research  Institute 
Engineering  Ejcperiment  Station  ' 

722  Cherry  Street,  N,  W. 

Atlanta,  Georgia 

ATTNs  Mrs,  J,  H,  Crosland,  Librarian 

Harvard  University  1 

Technical  Reports  Collection 

Gordon  McK^  Library 

303  Pierce  Hall 

Oxford  Street 

Cambridge  38,  Massachusetts 
ATTNs  Librarian 

University  of  Illinois  1 

Documents  Division  Library 
Urbana,  Illinois 

University  of  Illinois  1 

College  of  Engineering 
Urbana,  Illinois 

ATTN;  Dr,  P,  E,  Mayes,  Department  of 
Electrical  Engineering 


AF  k^6l 
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Code  Organization 

U  169  Illinois  Institute  of  Technology 

3300  S.  Federal  Street 
Chicago  16,  Illinois 
ATTN;  DTo  George  I.  Cohn 

Electronics  Research  Laboratory 

U  2k0  Illinois  Listitute  of  Technology 

Technology  Center 

Department  of  Electrical  Engineering 
Chicago  16,  Illinois 
ATTN:  Paul  Co  Yuen 

Electronics  Research  Laboratory 

The  Johns  Hopkins  University 
Homewood  Campus 
Baltimore  185  Maryland 

ATTN;  Dr<,  Donald  E.  Kerr,  Department  of  Physics 

The  Johns  Hopkins  University 
Applied  Physics  Laboratory 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 
ATTN;  MTo  George  L,  Seielstad 

U  228  University  of  Kansas 

Electrical  Engineering  Department 
Lawrence,  Kansas 
ATTN;  Dr.  H,  Unz 

U  68  Lowell  Technological  Institute 

Research  Foundation 
P.O.  Box  709 
Lowell,  Massachusetts 
ATTN;  Dr.  Charles  R.  Mingins 

U  32  Massachusetts  Institute  of  Technology 

Research  Laboratory  of  Electronics 
Room  20B-221 

Cambridge  39,  Massachusetts 
ATTN;  John  H.  Hewitt 

U  26  Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 
P.O.  Box  73 

Lexington  73,  Massachusetts 
ATTN;  Mary  A.  Granese,  Librarian 
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U  105 
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Code 

U  3k 

TI  107 

TJ  37 

U  108 

U  19U 

U  39 

U  96 

U  78 

U 

AF  U^6l 


McGill  University 

Montreal  5  Canada 

ATTN:  Professor  Go  Ao  Woonton 

Lirectorj  The  Eaton  Electronics 


University  of  Michigan 
Electronic  Defense  Group 
Eagineering  Research  Institute 
Ann  Arbor^,  Michigan 
ATTN:  Jo  Ao  Bcsydj,  Supervisor 


University  of  Michigan 
Engineering  Research  Institute 
Willow  Run  Laboratories 
Willow  Run  Airport 
Ypsilantig  Michigan 
ATTN:  Librarian 

University  of  Minnesota 
Minneapolis  Ik,,  Minnesota  ' 

ATTN:  MTo  Robert  Ho  Stuamij,  Library 


Physical  Science  Laboratory 
New  Mexico  College  of  Agriculture  and 
Mechanic  Arts 
State  College,  New  Mexico 
ATTN:  MTo  Ho  W,  Haas 

New  York  University 

Institute  of  Mathematical  Sciences 

Room  802,  25  Waverly  Place 

New  York  3  s  New  York 

ATTN:  Professor  Morris  Kline 

Northwestern  University 
Microwave  Laboratories 
Evanston,  Illinois 
ATTNs  Ro  Eo  Beam 


Ohio  State  University  Research  Fotmdation 
I31U  Kinnear  Road 
Columbus  8,  Ohio 
ATTN:  Dro  T,  Eo  Tice 

Department  of  Electrical  Engineering 

The  Pennsylvania  State  University 
Department  of  Electrical  Engineering 
University  Park,  Pennsylvania 


No«  of  Copies 
1 

1 

1 
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Code 
U  18^ 


U  U8 


U  97 


U  I81i 

U  176 

U  190 


u  no 


U  309 

U  186 


Organization 

University  of  Pennsylvania 

Institute  of  Cooperative  Research 

3lt00  Walnut  Street 

Philadelphia,  Pennsylvania 

ATTN:  Department  of  Electrical  Engineering 

Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute 
Johnson  Street 
Brooklyn,  New  York 
ATTN:  Dr.  Arthur  A,  Qliner 

Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute 
Johnson  Street 
Brooklyn,  New  York 
ATTN:  Mr,  A.  E.  Laemmel 

Purdue  University 

Department  of  Electrical  Engineering 
Lafayette,  Indiana 
ATTN:  Dr.  Schultz 

Stanford  University 
W.  W.  Hansen  Laboratory  of  Physics 
Stanford,  California 
ATTN:  Microwave  Library 

Librarian 
Microwave  Library 
W.  W.  Hansen  Labs,  of  Physics 
Stanford  University 
Stanford,  California 

Syracuse  University  Research  nnstitute 
Collendale  Canpus 
Syracuse  10,  New  York 
ATTN:  Dr.  C.  S.  Grove,  Jr, 

Director  of  Engineering  Research 

Technical  University 

Oestervoldgade  10  G 

Copenhagen,  Denmark 

ATTN:  Professor  Hans  Lottrup  Knudsen 

University  of  Tennessee 
Ferris  Hall 
W.  Cumberland  Avenue 
Knoxville  l6,  Tennessee 


No,  of  Copies 
1 

1 

1 
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1 
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No.  of  Copies 
1 


Code 
TJ  111 


U  ^1 

U  132 

U  133 

U  187 

I  8l8 

U  109 


OrganizatioB 

The  University  of  Texas 
Electrical  Engineering  Research  Lab, 

P,  Oo  Box  8026 
University  Station 
Austin  12j  Texas 
ATTN:  Mr.  John  R.  Gerhardt 
Assistant  Director 

The  University  of  Texas 
Defense  Research  Laboratory 
Austin^  Texas 

ATTN:  Claude  ¥0  Horton,  Physics  Library 

University  of  Toronto 

Department  of  Electrical  Engineering 

Toronto,  Canada 

ATTN:  Professor  G,  Sinclair 

University  of  Washington 

Department  of  Electrical  Engineering 

Seattle  5,  Washington 

ATTN:  G,  Held,  Associate  Professor 

University  of  Wisconsin 
Department  of  Electrical  Engineering 
Madison,  Wisconsin 
ATTN:  Dr,  Scheibe 

Sylvania  Reconnaissance  Systems  Lab. 

Box  188 

Mountain  View,  California 
ATTN:  Marvin  D„  Waldman 

The  University  of  Oklahoma 
Research  Institute 
Norman,  Oklahoma 

ATTN:  Professor  C.  L,  Farrar,  Chairman 
Electrical  Engineering 
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